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ABSTRACT 


A decision support system (DSS) was developed in Visual Basic 6.0 programming language to match tractor power and implement 
size. The proper selection and matching of tractor and implements is becoming very important and difficult in Sudan because of the 
availability of variety of tractor models and powers ranging from 20 to > 100 kW and variety of implement sizes. The program 
options permit the user to select the type of operation and the types of implements available in his/her farm. The system enables the 
user to insert the inputs data through file system, and obtain the output easily. The developed system was tested with a case study 
using data from The Arab Investment Corporation-Um Doom Farm. It was found that the power used in the farm can match the 
implement available. In addition, it was tested by making comparison between the power required for zero tillage and for 
conventional tillage. The sensitivity analyses showed that changing in some parameters such as speed, width and soil factor affected 
the power required for the farm. According to the results, the decision support system worked well in matching tractor power and 
implements sizes for proper performance. Developing other computer programs to assist farm machinery manager in 
decision-making to solve the problems will face them in this system can be used to help the managers in the decision-making for 
calculating the power required and matching power available and implement required for economical machinery use. 
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1. INTRODUCTION 

Agricultural mechanization aims to sustainable agricultural 
production by bringing lands under cultivation, saving energy 
and other resources, protecting the environment and 
increasing the overall economic welfare of farmers. 

Machine and equipment are major inputs to agriculture. The 
effective use and application of these inputs to farm 
production is one of the management tools to maximize farm 
production and profit. 

Farm power is important in agriculture for timely field 
operations carried by operating different types of dynamic 
farm equipment and for stationary jobs. 

Availability of adequate farm power is very crucial for timely 
farm operations for increasing production and productivity and 
handling the crop production to reduce losses (Srivastava, 
2004). 

In the past, misunderstood concepts and inappropriate 
selection and use of certain mechanization inputs, (mainly 
tractors and heavy machinery), have in many parts of the 
world, lead to heavy financial losses and lower agricultural 
production as well as environmental degradation. 

At recent years, the agricultural sector has increasingly focused 
on the ability of the farmers to make their available resources 
as productive as possible with in market, environment and 
other regulatory constraints. 


Correct matching of machinery should result in increasing 
efficiency of operation, less operation cost and optimum use of 
capital on fixed costs(Clarke, 1997). 

Under more complicated economic conditions, available 
tractors, machinery and equipment, its purchase price, crops to 
be grown and marketing factors create some questions for 
decision-making. How much power, size and number of 
tractors and tools required? For these reasons and others, 
technical understanding will beneeded for bringing quick 
solutions. 

Sudan in particular has more agricultural production potentials, 
but proper machinery management is absent, it needs a lot of 
effort and technical work to use the natural resources properly 
and improve the capital economy. 

Computer programs are being used to assist farm managers and 
scientists in decision-making about how to manage machines 
or production operation and how to select machinery and 
power requirements (Alam, 2001). 

The objective of the present study was to develop a computer 
model to estimate the total power requirement for specific farm 
practices and matching between the power available and the 
implement size. 

2. MATERIALS AND METHODS 

2.1 Model development 

A program to determine the optimum power of farm operations 
was developed using MS-Excel 2007 and Visual Basic 
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Application (VBA). The model was set to select the optimum 
power required for the farm practices and matching the 
implement width with the available power in the farm. 

The main program was built in two separate procedures 
according to the farm machinery parameters available. The 
first procedure was the use of the data base of the implements 
to estimate the optimum power required for the farm for all 
operations. The second procedure of the model was about how 
to match between the power available in the farm and the 
maximum implement width to be used for maximum 
utilization of the power available. 


Ppto = 


SxDxWxSF 

2 


d) 


Where: 

Ppto= PTO power requirement for implement (kW). 

S = speed of operation (km h" 1 ). 

D = draft per unit width of implement (m). 

W = width of implement (m). 

SF= soil factor (that depends on tractor and soil type. The 
amount of SF is shown in Table 2. 

For the power required to the sprayer can be used Eq. (2): 


File system was used by the program to insert the input data, 
there were 14 user form files. Files linked to the main program 
and all work together to get the right results with high 
sensitively to the input data. 

2.2 The model features 

The best of the decision support model is the flexibility, so the 
model focused on changeable variables of data to be processed. 
It can run whenever variables are entered directly, and it has 
the expression words, which permit user to enter his own input 
data step by step. It displays results (output) of optimum power 
required for all of the farm practices. 


PTOP = 


TOxN 

PC 


( 2 ) 


Where: 

PTO P= PTO Power (kW). 

TO = torque (Nm). 

N= speed (rpm). 

FC = units conversion constant (9549) 

Table 1 Draft, Recommended Speed and Field Efficiency 
for Various Implement 


It makes the recommendations that permit the user for 
changing his size of tractor power owned or to change his 
implement sizes for full utilization of the machinery and to 
increase the benefits of the utility interest. 

2.3 The model description 

The complete structure of the model for purpose of this study is 
illustrated in the Fig 1 . 



Fig 1. Description of the Decision Support System for the 
Model 

2.4 Selection of the tractor 


The power requirement of tractor for different field operations 
can be calculated after getting the preliminary details regarding 
land holding, soil conditions and type of operations, selection of 
tractor was calculated by Eq (l).This equations was derived 
from Hunt (1979) and Harry and lohn. The logical of selection 
for this model was based on selection of different tractors 
(2WD, 4MFWD and 4WD) by users for all operations. 

The typical speed and the draft requirement and efficiencies for 
various implements, field operations and soil conditions are 
given in Table 1. 


Implement/Equipment 

Draft / 
m width 

Typical 

speed 

Field 

efficiency 

Mold Board Plough (200 mm 
depth) 




Heavy Clay Soil 

15.70 

4.50 

80.00 

Heavy Soil 

13.73 

5.00 

80.00 

Medium Soil 

10.30 

5.00 

80.00 

Light Soil 

6.87 

6.00 

80.00 

One Way Disc Plough 




Heavy Soil 

5.90 

6.00 

80.00 

Medium Soil 

4.41 

6.00 

80.00 

Light Soil 

2.94 

6.00 

80.00 

Offset or Heavy Tandem Disc 
Harrow 




Heavy Soil 

5.90 

6.00 

80.00 

Medium Soil 

4.91 

6.00 

80.00 

Light Soil 

3.73 

6.00 

80.00 

Duck Foot Cultivator 




Heavy Soil 

4.41 

6.00 

80.00 

Medium Soil 

2.94 

6.00 

80.00 

Light Soil 

1.47 

6.00 

80.00 

Seed Drill 




Heavy Soil 

1.47 

5.00 

70.00 

Medium Soil 

0.88 

5.00 

70.00 

Light Soil 

0.49 

5.00 

70.00 

Planter 




Heavy Clay Soil 

1.47 

5.00 

70.00 

Medium Soil 

1.72 

5.00 

70.00 

Light Soil 

1.77 

5.00 

70.00 


Source: Jain (2003). 
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Table 2. Soil Factors for Different Types of Tractor and 

Soil 




Soil factor 

Typical data 

Tractor type 



2WD 

4MFWD 

4WD 


Firm 

1.64 

1.54 

1.52 

Soil Type 

Tilled 

1.75 

1.61 

1.56 


Sandy 

2.13 

1.82 

1.67 


Source: Jain (2003). 


Theoretical flowchart for selection of tractor size for all of farm 
practices in this model is shown in Fig 2. 

2.5 Selection of implement size 

The required width of implement can be calculated by knowing 
the operation speed and power available for field operation, 
type of soil (firm, tilled or soft) is important for calculation of 
required implement width. The maximum implement width is 
calculated by Eq (3): 


2.8 Model sensitivity test (analysis) 

Power requirement can change in response to change in one or 
more variables of the model input (Speed, Width, and soil 
factor); as shown in Table 5 and therefore, can help in quick 
decision making. 

2.9 Model Inputs 

i- Available tractor power. 

ii- Soil factor. 

iii- Implement width. 

iv- Implement draft. 

v- Implement efficiency. 

vi- Operation speed 

vii- Sprayer torque 

viii- Sprayer speed (rpm) 

2.10 Model outputs 

i- Optimum power for a tractor required to do all farm 
practices. 

ii- Maximum width of the Implements required. 


MaxW = 


Ppto m , x 3.6 
S xDxSF 


■(3) 


Where: 

Max.W = maximum implement width (m). 

Ppto av = PTO power available in the farm (kW). 

Theoretical flowchart for Implement selection in this model is 
shown in Fig 2.3. 

2.6 Verification of the model 

The decision support system model (DSSM) of matching 
implement size and tractor power was verifiable by using real 
data from Ministry of Agriculture and Irrigation-Agricultural 
Engineering General Administration (AEGA)- to predict the 
optimum power required for any machine alone to run the 
program as shown in Table 3 . 

2.7 Testing of the model 

The (DSSM) of matching tractor and implement was tested 
firstly by using real input data from references as shown in 
Table 3. This case of study worked in Umdoom farm pursue to 
Arab corporation for Agricultural Investment and 
Development worked on Muskmelon production. In this farm 
the power value used is 60 kW and 1 17.2 kW (4WD). 

The (DSSM) also was tested by making comparing between 
two medium farms in order to calculate the optimum power 
required for the two kind of agriculture; zero-tillage agriculture 
in rain fed sector and conventional agriculture in the irrigated 
sector in Sudan. By using a real data from references for two 
farms and find out the kind of agriculture that need less amount 
of power as shown in Tables 3 and 4. 



Fig 2 Flowchart of Selection of Tractor for Various soil and 
Operation Condition 
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Fig 3. Flowchart of Selection of Implement for Various Soil 
and Operation Condition 

3. RESULTS AND DISCUTION 
3.1 Testing of the model 

3.1.1Arab Corporation for agricultural investment and 
development (Um doom farm) 

The predicted power required was calculated by the model to 
match the actual power utilized in the farm when use the real 
data from the farm shown in Table 3. 


Table 3. Match the implement size and the available power 


1.4WD (290) -SF(1.56) 

INPUT 

OUTPUT 

Machi 
ne type 

D 

(kN/M 

) 

S 

(km/h) 

E 

% 

W 

(m) 

MAX. 

W 

Req. 

power 

(kW) 

DP 

10.30 

3.4 

73 

1.5 

3.96 

58.8 

DH 

4.90 

4.28 

81 

3.6 

6.61 

DH 

4.9 

4.28 

81 

7.2 

9.6 

117 


Source: Abdalaziz andMohmoud (1998). 


Where: 

MAX.W= maximum width of implement (m) 


3.1.2Comparing between zero-tillage and conventional 
tillage 

As shown in Table 5 the result of the model application is clear 
that the power requirement for zero-tillage is less than the 
power requirement for conventional agriculture. 


Table 4 Conventional agriculture in the irrigated sector in 

Sudan 


4WD(105Kw)- SF(1.52) 

INPUT 

OUTPUT 

Machine 

D 

S 

(km/h 

) 

E 

W 

MAX. 

Power 

type 

(kN/m) 

% 

(m) 

W 

(kW) 

DP 

13.73 

5 

80 

1.2 

3.63(4) 


MB 

13.73 

5 

80 

0.9 

3.63(4) 


DH 

5.90 

6 

80 

2.84 

7.03(7) 

76.40 

4-Row 

Planter 

1.47 

5 

70 

3.2 

33.8(34) 



Source: Ali (2014). 


Table 5. Zero-tillage Agriculture in Rain- fed Sector 


4WD(105 kW)- SF(1.52) 

INPUT 

OUTPUT 

Machine 

type 

D 

(kN/m) 

S 

(km/h) 

E% 

W 

(m) 

MAX. 

W 

Power 

(kW) 

Planter 

1.47 

5 

70 

6 

33 

33.84 


Torque (Nm) 

Speed (rpm) 

Sprayer 

53 

4500 


Source: Alnail Alsiddig (2010). 


Where: 

MB= Mold Board Plough 

3.2 Model sensitivity test analysis 

The model was tested by changing one of the essential inputs 
data as shown in Table 6. 


Table 6 Effect of changing parameters on power 
requirement 


1. Effect of Changing Speed 

INPUT 

OUTPUT 

Pav(kW) 

SF 

D 

S 

E 

W 

MAX. 

Power 

(kN/m) 

(km/h) 

% 

(m) 

W 

(kW) 

80 

1.64 

5.90 

6 

80 

3 

4.97 

87 

80 

1.64 

5.90 

8 

80 

3 

3.73 

116.112 

80 

1.64 

5.90 

10 

80 

3 

2.98 

145.14 


2. Effect of Changing Width 

INPUT 

OUTPUT 

Pav(kW) 

SF 

D 

S 

E 

W 

MAX. 

Power 

(kN/m) 

(km/h) 

% 

(m) 

W 

(kW) 

80 

1.64 

5.90 

6 

80 

4 

4.97 

116.11 

80 

1.64 

5.90 

6 

80 

6 

4.97 

174.1 

80 

1.64 

5.90 

6 

80 

8 

4.97 

232.22 


3. Effect of Changing Soil Factor 
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INPUT 

OUTPUT 

Pav(kW) 

SF 

D 

S 

E 

W 

MAX. 

Power 

(kN/m) 

(km/h) 

% 

(m) 

W 

(kW) 

80 

1.64 

5.90 

6 

80 

3 

4.97 

87 

80 

1.75 

4.91 

6 

80 

3 

5.59 

77.3 

80 

2.13 

3.73 

6 

80 

3 

6.05 

71.5 


3.2.1 Effect of changing speed 

The power requirement for matching disc harrow (BH360) is 
increased from 87 to 145.14 when the speed is increased as the 
maximum width of disc harrow is decrease from 4.97 to 2.98 as 
shown in Table 6 

As width of disc harrow was changed the power requirement is 
increase with the increase in the width and the maximum width 
it's not change because its depend on the power available and 
there is no change in it. 

3.2.3 Effect of changing soil factor 

When the soil factor was change because of changing in tractor 
used type or difference in the farm soil type that required 
changing the implement draft and leading to decrease the 
power requirement and increase the maximum width as Shown 
in Table 6. 

3.3 The verifiable of the model 

Table 7 shows comparison between the actual power 
requirement and the predict power by the model 


Table 7. Comparison between the actual power requirement 
and the predict power by the model 


Implement 

type 

Predicted 

power 

(kW) 

Actual 

power 

(kW) 

Comparison 

DP 

40.15 

40.85 

98.2% 

dh 23 

73.53 

74 

99% 

CUL 

50.27 

55.9 

89.9% 

Seeder 

42.18 

44.7 

94.3% 

Planter 

45.1 

45 

100% 


Source: AEG A 


CONCLUSION AND RECOMMEDDATIONS 

The following Conclusions and recommendations may be 

drawn 

1 - The developed system was flexible and user oriented and 
most of data was showed through the screen. 

2- The decision support system accurately matched 
between the tractor and the implement in the farm. 

3- The system enables the user to easy change for the 
parameters (draft, speed, width. . .etc). 

4- The system validity test revealed that the predict results 
are in close agreement with the measures ones and 
indicated that the developed system is satisfactorily 


use the real data from the farm of Arab-corporation for 
Agricultural Investment and Development (Um doom 
farm). 

6- The result of the model application is clear that the power 
requirement for zero-tillage is less than the power 
requirement for conventional agriculture. 

7- Developing other computer programs to assist farm 
machinery manager in decision -making to solve the 
problems will face them. 

8- More and different ways for matching tractors and 
implements through this type of study to be encouraged 
including field days required for operations and how to 
optimize it. 

9- Dryland (rainfed) farming application should have more 
attention. 
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accurate. 

5- The predicted power required was calculated by the 
model match the actual power utilized in the farm when 
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